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© Surface type microelectronic gas and vapor sensor. 

© The present invention is concerned with electrode struc- 
tures and microsensors having fast response times and high 
sensitivity and to methods using such structures and/or 
microsensors. This is accomplished in any one of several ways. 
In one, the sensing and counter electrodes are positioned close 
enough together on an active area so that ion migration 
therebetween is fast. The thickness of the electrolytic medium 
on the active area is restricted to be no more than about 10 
microns so that diffusion therethrough between the electrodes 
is at least as fast as the ion migration. In another, the sensing 
electrode may have outwardly extending portions extending 
beyond the electrolytic medium and not being covered thereby. 
Or, conductive particles can be distributed in the electrolytic 
medium. Or the medium can be very thin. Or, the electrodes can 
be interdigited. Combinations or the above structural features 
are also set forth. 
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rogerhor so that me time of migration of an tonic moiety from one to the ulnar o\ mo elec!f,dO£ .5 no rno.v- man 
aoout 1 minute The tmckness of ihe electrolytic medium ,5 no more than about 10 microns so mat tne iirn- of 
diffusion of :he gaseous species through the electrolytic medium is no more man about equal to tne nme of 
migration of the ionic moiety from one to the other of the electrodes 

A microsensor structure ts still an additional embodiment of the invention. The microsensor structure 
comprises a substrate having a surface having an active area. A sensing eiectroae has a sensing portion on 
the active area, the sensing portion comprising a plurality of sensing fingers. A counter electrode has a 
counter portion on the active area. The counter portion comprises a plurality of counter fingers The counter 
fingers are positioned between and aligned along the sensing fingers to define sensing finger-counter finger 
gaps of no more than about 50 microns. A reference electrode has a reference portion on said active a^ea An 
electrolytic medium is on the active area, bridges the sensing finger-counter finger gaps and communicates 
the reference portion with said sensing portion. 

Yet another embodiment of the invention is a microsensor structure comprising a substrate having a 
substrate surface having an active area. A sensing electrode is on the substrate surface ana has a sensing 
portion upon the active area. The sensing portion has an outfacing surface facing away from the substrate A 
solid electrolytic medium covers the active area but does not cover the outfacing surface. The electrolytic 
medium, the first electrode and the gas phase form a 3-phase sensing boundary. A counter electrode is in 
contact with the electrolytic medium and is free from contact with the sensing electrode. A reference electrode 
is in contact with the electrolytic medium and is free from contact with the sensing and counter electrodes 

In accordance with an alternative embodiment of the invention a method is set forth .or determining the 
concentration of a gaseous species. The method comprises contacting a microsensor structure with the 
gaseous species in a gas phase and measuring the electrochemical effect of the species between first and 
second electrodes. The microsensor structure comprises a substrate having an active area. The first electrode 
has a sensing portion on the active area. A soiic electrolytic medium covers the active area. Portions of the first 
electrode extend outwardly beyond the electrolytic medium. The electrolytic medium, the first electrode and 
the gas phase form a 3-phase sensing boundary. The second electrode is in contact with tne electrolytic 
medium and is free from contact with the first electrode. 

Still another embodiment of the invention is a method of determining the concentration of a gaseous 
species. The method comprises contacting a microsensor structure with the gaseous species m a gas phase 
and measuring the electrochemical effect of the species between a sensing and a counter electrode The 
microsensor structure comprises a substrate having a substrate surface having an active area Tne sensing 
portion has an outfacing surface facing away from the substrate. A solid electrolytic medium covers the acti/e 
area but does not cover the outfacing surface. The electrolytic medium, the first electrode ana tne gas phase 
form a 3-phase sensing boundary. A counter electrode is in contact with the electrolytic medium and is free 
from contact with the sensing electrode. A reference electrode is in contact with the electrolytic medium ar.d :s 
free from contact with the sensing and counter electrodes. 

In accordance with still another alternative embodiment of the present invention an improved electrode 
structure is set forth. The improved electrode structure includes a first electrode having an outfacing surface 
having an uneven configuration including a plurality of outwardly extending portion. A solid electrolytic medium 
covers the outfacing surface with at least a substantial number of the outwardly extending portions extending 
outwardly beyond the electrolytic medium and not being covered thereby. 

In accordance with yet another alternative embodiment of the present invention a microsensor structure is 
set forth comprising a substrate having a substrate surface having an active area. A first electrode is upon tne 
substrate surface, the first electrode having a sensing portion on the active area. The sensing portion has an 
outfacing surface facing away from the substrate. The outfacing surface has an uneven configuration including 
•a plurality of outwardly extending portions. A solid electrolytic medium covers the outfacing surface with the 
outwardly extending portions extending outwardly beyond the electrolytic medium and not oemg covered 
thereby. A second electrode is in contact with the electrolytic medium and is free from contact with the first 
electrode. 

In accordance with another embodiment yet of the present invention an improvement :s set forth in a 
method of determining the concentration of a particular gaseous species which comprises contacting the 
species with an microsensor having a substrate naving a sensing electrode and a reference electrode on a 
surface thereof, the sensing electrode being covered by a solid electrolytic medium, anc measuring tne 
electrochemical effect of the species on the sensing electrode. The improvement comprises utilizing as the 
sensing electrode a first electrode having an outfacing surface having an uneven configuration including a 
plurality of outwardly extending portions which extend outwardly beyond the electrolytic medium and are not 
covered thereby. 

In accordance with a still further embodiment of the present invention, a microeiectrochemicai sensor 
structure is set forth comprising a substrate having a substrate surface having an active area. A sensing 
electrode is in contact with the substrate surface, the sensing electrode having a sensing portion on the active 
area. The sensing ponion has an outfacing surface facing away from the substrate surface. A solid electrolytic 
medium covers the outfacing surface. A plurality of conductive microparticles is dispersed in the electrolytic 
medium. Both a counter electrode and a reference electrode are in contact with the electrolytic medium and 
are free from contact with the sensing electrode and each other 

in accordance with a further embodiment of the present invention an improvement is set forth in a method of 
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A second (counter] electrode 20 is in contact with the electrolytic medium 29 and tree from contact with the 
first electrode 13. In the particular emoodiment illustrated the secona electrode 30 is upon the substrate 
surface 14. 

In accordance with an embodiment or ihe present invention a third (reference) electrode 32 may also oe in 
contact with the electrolytic medium 28 and free from contact with the first electrode 18 and the secona 5 
electrode 30. Generally, the third electrode 32 will also be in contact with the substrate surface 14. 

In accordance with preferred embodiments of the present invention tne first electrode 18 generally the 
sensing electrode, the second electrode 30, generally the counter electrode, and the third electrode 32. 
generally the reference electrode, as well, when present, are adjacent to one another. A first-second electrode 
gap 34 of generally no more than about 50 microns is advantageously present, preferably no more than about 
10 microns, more preferably no more than about 5 microns and still more preferably no. more than about 2 
microns. Indeed, sub-micron (less than about 1 micron) gaps are particularly preferred When there is a third 
electrode 32. as well, the gap 36 between the first electrode 18 and the third electrode 32 is conveniently no 
more than about 100 microns, although this is a far less important restrain and significantly larger gaps can be 
present. The size of the gap 38 between the third electrode 32 and the second electrode 30 is also of no ■? 
criticality. 

A dielectric wall 40 will generally be present surrounding the active area 1 6 and the electrolytic medium 28. A 
barrier 42 (Figure 2) can be present which covers the electrolytic medium 28, the barrier 42 having openings 
througtrwhich an analyte gas can pass. In certain instances the barrier 42 can selectively pass a gaseous 
species of interest while excluding possibly interferine species. Generally, the barrier 42 will be in the nature of 2: 
a polymeric material and more particularly will often be in the nature of a membrane which is gas permeable but 
aqueous solution impermeable. Note that the memorane need not have actual pores leading to its gas 
permeable nature. For example, the analyte gas may dissolve in the membrane and migrate therethrough to 
the electrolytic medium. In such instances, the entire microsensor 10 can be inserted in an aqueous solution 
and dissolved gases therein than form a gas phase, e g., within the barrier 42 and can be measured This is the if 
case even if the electrolytic medium abuts the membrane since the analyte is in effect a gas, or gas-like as it 
exits the membrane. The microsensor 10 can be utilized, for example, in vivo in blood to analyze for blood 
gases on a continuous basis. 

Figure 3 illustrates an embodiment of the present invention wherein a plurality of the microsensors 10 are 
upon the substrate surface 14 of the single substrate 12. By proper selection of the chemistries of ihe various 3; 
electrodes 18,30.32 and of the barrier 42 ; for each of the sensors 10. one can provide an overall structure 
which is useful for analyzing for a number of different gaseous species at once, and or can provide 
redundancy in measuring for one or more gaseous species. 

Figure 17 illustrates another embodiment of the invention wherein a plurality of tne microsensors 10 are 
upon the substrate surface 14 of the singie substrate 12. In the embodiment of Figure 17 a single reference 35 
electrode 32 is used with several different sensing electrodes 18. For example, the different sensing 
electrodes 18 might be made of platinum, platinum oxide, gold and iridium. Thw two counter electrodes 30 are 
positioned adjacent the sensing electrodes 18. The embodiment of Figure 17 is more compact than, and has 
the same uses as, the embodiment of Figure 3. 

An aqueous reservoir 43 (Figure 2) can be included in the substrate 12 in liquid contact with the electrolytic 40 
medium 28 to keep the electrolytic medium 28 from drying out and thereby inactivating the microsensor 10. As 
is seen in Figure 10, an external aqueous resen/oir 456 can alternatively, or additionally, be utilized. Such 
aqueous reservoirs 43.456 can be used in conjunction with all embodiments of the invention. 

The first electrode 18 can be made of any of a number of materials, for example platinum, gold silver other 
platinum group metals, or other desired metals to provide detection of desired species, or electrically 
conductive polymers. The first electrode 18, and along with it the second electrode 30, and the thirc electrode 
32, when present, can be formulated by vapor deposition, sputtering, or the like. Generally, such techniques as 
are utilized in the IC art are applicable to formulate a microsensor 10 in accordance with the present invention 
This can lead to the formation of the controlled size gaps 34,36 and 38, which gaps 34.36,38 can be made quite 
small in size (below 5 microns and even, with care, below 1 micron). The contacts ends 44.46.43 of tne so 
electrodes 18,30 and 32, respectively, can be formulated on an appropriate contacts area 50 of the substrate 
12. 

Figure 5 illustrates an embodiment of the present invention wherein the solid electrolytic med „m 28 covers 
the entire ourfacing surface 24 of the first (sensing) electrode 18. That is, in the case of the e~ cDdiment of 
Figure 5 there are no outwardly extending portions 26 of the outfacing surface 24 which extend outwardly 55 
beyond the electrolytic medium 28 and are not covered thereby. However, the embodiment of Figure 5 also 
gives very fast response time and high sensitivity for gas detection. This is accomplished by providing a 
plurality of conductive microparticles 52 dispersed in the electrolytic medium 28 and which preferably have at 
least portions of the uppermost thereof extending outwardly into the gas phase above the electrolytic medium 
28 to form a 3-phase sensing boundary 29. Thus, the outwardly extending microparticles 52 serve as tne first so 
electrode 18 and electron conduction occurs from particle to particle down to the bulk portion 18 of the first 
electrode 18. For example, if the first electrode 18 is made of platinum the conductive microparticles 52 might 
also be of platinum, or might alternatively be of another metal. Without being bound by any theory it should be 
pointed out that it is believed that with such a dispersion of conductive microparticles one octams electron 
tunneling conduction through the electrolytic medium 28 whereby an analyte gas need only contact the S5 
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In accordance with another embodiment of the present invention, as illustrated ;n Figures 2 ^nd 10 the 
microsensor includes means for maintaining the solid electrolyte [which requires the presence of water to be 
functional) in a damp condition. Tne means as illustrated in Figure 10 comprises providing an overlayer or 
barrier 442 which covers at least the active area 416 of the microsensor structure 410, the barrier 442 having 
holes 444 therethrough which communicate with the solid electrolytic medium 426 and further having one or 
more reservoirs 456 on the opposite s.je of the barrier 442 from the solid electrolytic medium 426 in this 
manner, water from the reservoir 456 can pass through the holes 444 and into the solid electrolytic medium 426 
thereby^keeping the humidity level of the solid electrolytic medium 426 at an acceptable level for extended 
periods of time. Note that the same barrier 442 can be over the remainder of the active area 416 thereby 
helping to keep down evaporation from the remainder of the solid electrolytic medium 426 Appropriate pores 
444 can be provided in the barrier 442, as discussed previously with respect to the barrier 42 through which 
the analyte gaseous species can pass and contact the solid electrolytic medium 426 and/or the sensmq 
electrode 418. Generally the barrier 442 would be in the nature of a membrane. The membrane can have pores 
which are generally such as to allow the entrance of a gaseous species but not allow the entrance of a liquid 
species whereby the microsensor 410 can be utilized to detect a dissolved gaseous species in a liquid by 
immersing the microsensor 410 beneath the surface of the liquid. Or, the analyte gas can dissolve in the barrier 
442 and thereby pass therethrough. Note that in this instance the microsensor 410 is still analyzing for a 
gaseous species since, as discussed elsewhere, only the gaseous species reaches the solid electrolytic 
medium 426 and/or the sensing electrode 418. 

Another method of keeping the solid electrolyte hydrated is to provide a water absorption overlayer over the 
solid electrolyte film. The analyte gas, for example CO and/or C0 2 . can pass through the overlayer The 
overlayer may be, for example, a hydroscopic polymer such as cellulose acetate butyrate. Or, a hydroscopic 
salt, for example lithium chloride and/or lithium bromide, may be incorporated in the solid polymer electrode 
film. y ' 

Specially selected solid polymer electrolyte films may be used which are themselves hydroscopic or which P5 
have a particularly high density of sulfonate groups. An example is poly(sodium 4-styrenesulfonate) 
[-CH 2 CH(C6H4S0 3 Na)-]n. This polymer is very hydrophilic whereby signals from the sensor are made humidity 
independent. This particular polymer may also have its property tailored, for example by mixing with Nation (a 
trademark of DuPont) polymer, so as to assure that it is not too hydrophilic or too fragile to stick to a substrate 
Such techniques as are discussed above serves to make a solid polymer electrolyte film highly proton 30 
conductive or sodium conductive. 

In accordance with an embodiment of the present invention the sensing electrode may be a platinum 
electrode. The film of the solid polymer electrolyte may be first deposited on the platinum electrode followed 
by a platmization process so that ultra-fine platinum panicles are dispersed three-dimensionally throughout 
the solid polymer efectrolyte layer. The platinization process is conducted prior to the pretreatment of the solid 35 
polymer electrolyte, for example the acidification and preoxidation thereof. For example, for a 50 micron gap 
smooth glass substrate sensor, the platinization is carried out using a galvanostatic pulse typically consisting 
of -3 mA/cm2 (cathodic) for one second and + 1 .5 mA/cm 2 (anodic) for 0.5 seconds in approximately 2 molar 
H2PtCle at room temperature. The right value of the current density must be chosen (depending on the gap 
size, the degree of surface roughness and the specific resistance and thickness of the solid polymer jo 
electrolyte) to avoid bridging (short-circuiting) sensing and counter electrodes; for example If the thickness 
of the solid polymer electrolyte film is approximately 1 micron, about 3 to 4 hours (a total of about 1 1 to 1 9 
coulombs) is required to deposit an adequate amount of platinum. 

Any of a number of different types of electrolytic media 28 can be utilized. For example, the electrolytic 
medium 28 can be a solution e.g., a water based solution. Alternatively, the electrolytic medium 28 can be a 45 
hydrogel. Preferable, however, particularly for voltammetric measurements, are solid electrolytes including 
solid polymeric electrolytes such as Nafion (a trademark of DuPont) which is part of a class of solid polymeric 
ion exchangers which conduct ions upon exposure to water. Probably the best known examples are 
membranes made from polystyrene with fixed negative sites (sulfonate, carboxylate or phosohonate) or fixed 
positive sites (quaternary ammonium or quaternary phosphonium). Selection as far as ions are concerned with ^ 
these materials is almost exclusively on the basis of charge and for ions with the same charge discrimination is 
very slight. For voltammetric sensing the use of these materials is new. Other examples of soiia polymeric 
electrolytes besides Nafion (which a is perffuorinated lonomer) are sulfonated styrene-divinyi benzene resins 
and divinyl napthalene sulfonic acid polymer. 

Such polymers are characterized chemically and physically in that they have a hydrophobic nature with ionic 55 
(hydrophilic) clusters inside. They conduct ions upon hydration. They exclude co-ions up to the Donnan failure 
point at which stage ions of both types can penetrate into the resin. Neutral molecules can diffuse readily 
through such membranes and especially large organic molecules can dissolve witnin the more hydrophobic 
resins. 

Resins can also be used as reference solutions (see, for example, French patent publication No 2 153 905) SO 
These ion exchange resins have been used as the electrolytic medium for a potentiometnc CO2 sensor isee 
for example, U.S. Patent 3.739.868). 

Useful gels for incorporation within the sensor structure include, without limitation' methylcellulcse 
polyvinyl alcohol, agar, carboxycellulose. gelatin, agarose, deionized gelatin, polyacrylamide polyvinyl 
pyrrol.done, polyhydroxyethylacrylate, poly-2-hydroxyethyl methacrytate. and polyacrylic acid They are 55 
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or evaporation, electron-beam or chmic evaporation onto a resist masked substrate 12 ob by a lift-off 
technique. These techniques are particularly useful for providing closely placed sensing electrodes 18 and 
counter electrodes 30, such as the fingers 126,123 as shown in Figures 7 and 8 with very small gaps 115. Solid 
polymer electrolytes, when used, can be provided by using lift off technology or ink-jet printer like technology. 
Hydrogels, when used 1 can be provided as are solid polymer electrolytes. The thickness of the electrolytic 
medium 28 is controlled by 

Sensing electrodes 18 with outwardly extending portions 26 can be formed by any of several techniques. For 
example, the electrode 18 can be fabricated as discussed above followed by a platmization, gold deposition, 
etc., process, as appropriate, generally similarly to the technique described elsewhere herein for dispersing 
ultra-fine platinum particles three-dimensionally through a solid polymer electrolyte. The soiid polymer 
electrolyte for other electrolytic medium 28) is only deposited after the platinization, etc., is carried out if 
outwardly extending portion 26 are desired on a sensing electrode 18. 

While the substrate surface 14 is illustrated as being planar it should be recognized that the invention is not 
limited to such a structure. Thus, the first electrode 18 usually generally conforms with the substrate surface 

14, whatever its shape, planar, spherical, or the like. 

The electrochemical analysis which can be made in accordance with the methods of and/or using the 
sensors of the present invention includes voltammetric, potentiometric, coloumbic. conductometnc and AC 
analysis. 

In accordance with the present invention the microsensors of the invention can be used for differential pulse 
voltammetry (DPV) methods. In such a technique potential is scanned and the resultant current response is 
differentiated, thereby generating more information from a single sensor. The use of the DPV technique to 
achieve required selectivity is a direct application of the characteristic thermodynamic potentials of the gases 
being analyzed. Note that certain gases of interest, for example CO, H 2( C2H5OH. NO. and NO2, have 
characteristic thermodynamic potentials of, respectively, -103, 0, 87, 957 and 1093 mV vs NHE. In practice, 
however, each reaction requires an additional potential called overpotential, the amount of which depends on 
electrocatalyst, in order to proceed at a measurable rate. 

This technique is useful if the gas to be sensed exists in a mixture containing several reactive components 
that exhibit close thermodynamic potential (e.g.. CO, H 2 and C2H5OH). If one considers a simple example 
wherein a mixture of gas A and gas B exists, gas A and gas B will exhibit current vs potential curves with 
different limiting currents U and l 3 . By differentiating the current versus potential curves one cotains two 
sharp, clearly separated peaks with characteristic potentials. Ea and B 3 . The peak current values are 
proportional to the gas concentrations. Thus the DPV technique can provide the potential-control led 
selectivity for a microsensor through precise measurements of the peak values. These are closely related to 
the thermodynamic potentials of the gases and are characteristics of each gaseous species. 

In addition, the nature of this technique allows the microelectrochemical sensor to rezero the background 
several times each second, thereby limiting any background drift. Also, this technique improves the sensitivity 
because the DPV current readout eliminates most of the capacitive charging current and provides an 
especially good signal to noise ratio. 

The invention will be better understood by reference to the following experimental sections. 

Instrumentation and Experimental Procedure 

The experimental setup included a microprocessor-controlled gas-handling system (Tylan Co.). Premixed 
gas mixtures, 200 ppm CO in air, 100 ppm NO2 in air. 100 ppm NO in N 2 . 1000 ppm ethanol in N2 (primary 
standard grade, manufactured by Union Carbide Company Linde Division, South San Francisco. California, and 
distributed by Almac Cryogenic. Inc.), were used to evaluate the microelectronic gas sensors, and 
hydrocarbon-free air was used as a blank (background) gas. The sample gas (200 ppm CO) and the blank gas 
(air or N 2 ) were introduced to a stainless-steel gas-sensor chamber at a nominal flow rate of 150 cm 3 /min 
using flowmeters. The sensor potential is controlled by a PAR Model 173 potentiostat equipped with a PAR 
MOdel 175 Universal Programmer. For low current (less than 1 uA) measurements, an in-vivo voitammograpn 
(Bioanalytical Systems, Inc. Model CV 37) is used. A (Hewlett-Packard Model 7644A) X-Y-t recorder records 
signals as a function of time. 

Humidified gas samples were prepared as needed by passing dry gas samples through a humidifier prior to 
entering the gas chamber. The humidifier comprises three Gore-Tex (Type A, 3 mm ID. pore size 2 urn. porosity 
50 percent) porous Teflon tubes with three different lengths, approximately 1, 2 and 3 cm. which are 
equilibrated with water vapor pressure at room temperature, and provide approximate humidity values of 10 to 

15, 20 to 25 and 35 to 40 percent relative humidity (RH), respectively. The relative humidity of the gas mixture 
was determined by placing a humidity sensor (General Eastern Instruments Corp. Model 800B humidity and 
temperature indicator) in the gas line right after the gas chamber. 

Example 

The responses to CO and various other gases were studied using a planar type microelectrode The basic 
sensor design is shown in Figure 11. The masks are designed to produce gaps that range in size from 5 to 50 
microns between adjacent microelectrodes. A smooth AI2O3 ceramic (Kyocera type A 493) was used as the 
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electrolytic medium covering the active area, the tmprovemem comprising 

positioning the first and second electrodes sufficiently close together on said active area so tnat the time 
of migration of an ionic moiety from one to the other of the electrodes is no more than about i minute; and 
restricting the thickness of the electrolytic medium to be no more than about 10 microns so that the time 
of diffusion of the gaseous species through the electrolytic medium to the first electrode is no more than 
about equal to the time of migration of the ionic moiety from one to the other of the electrodes. 
4 . In a method of determining the concentration of a gaseous species, comprising contacting a 
microsensor structure with the gaseous species in a gas phase and measuring the electrochemical effect 
between first and second electrode, the improvement wherein the microsensor structure comprises 
a substrate surface having an active area, the first and second adjacent electrodes having, respectively, 
sensing and counter portions on the active area : 
a solid electrolytic medium covering the active area, the first and second electrodes being positioned 
sufficiently close together so that the time of migration of an ionic moiety from one to the other of the 
electrodes is no more than about 1 minute ; and 

the thickness of electrolytic medium being restricted to be no more than about 10 microns so that the 15 
time of diffusion of the gaseous species through the electrolytic medium is no more than about equal to 
the time of migration of the ionic moiety from one to the other of the electrodes. 

5. A microsensor structure, comprising: 

a substrate having a surface having an active area; 

a sensing electrode having a sensing portion on said active area, said sensing portion comprising a 20 
plurality of sensing fingers; 

a counter electrode having a counter portion on said active area, said counter portion comprising a 
plurality of counter fingers ; said counter fingers being positioned between and aligned generally along 
said sensing fingers to define sensing finger-counter finger gaps of no more than about 50 microns ; 
a reference electrode having a reference portion on said active area; 

an electrolytic medium on said active area bridging said sensing finger-counter finger gaps ana 
communicating said reference portion with said sensing portion. 

6. A microsensor structure, comprising: 

a substrate having a substrate surface having an active area; 

a sensing electrode on the substrate surface having a sensing portion upon the active area, the sensing 30 
portion having an outfacing surface facing away from the substrate; 

a.sfllid electrolytic medium covering the active area but not covering the outfacing surface, the electrolytic 
medium, the first electrode and the gas phase forming a 3-phase sensing boundary; 

a counter electrode in contact with the electrolytic medium and free from contact with the sensing 
electrode; and ... 
a reference electrode in contact with the electrolytic medium and free from contact with the sensing and 
counter electrodes. 

7. In a method of determining the concentration of a gaseous species comprising contacting a sensor 
structure with the gaseous species in a gas phase and measuring the electrochemical effect between first 

and second electrodes, the improvement wherein the sensor structure is a microsensor structure 40 
comprising: 

a substrate surface having an active area, the first and second electrodes having, respectively sensing 
and counter portions on the active area; and 

a solid electrolyte medium covering the active area, portions of the sensing portion extending outwardly 
beyond the electrolytic medium, the electrolytic meaium. the first electrode and the gas phase forming a 45 
3-phase sensing boundary, the counter portion of the second electrode being in contact with the 
electrolytic medium, the second electrode being free from contact with the first electrode 

8. in a method of determining the concentration of a gaseous species which comprises contacting a 
sensor structure on a substrate with the gaseous species in a gas phase and measuring the 
electrochemical effect of the species between a sensing electrode and a counter electrode, the so 
improvement wherein the sensor structure is a microsensor structure which comprises 

a substrate having a substrate surface having an active area, the sensing and counter electrodes having, 
respectively, sensing and counter portions on said active area, the sensing portion having an outfacing 
surface facing away from the substrate ; 

a solid electrolytic medium covering the active area but not covering the outfacing surface the electrolytic 55 
medium, the sensing electrode and the gas phase forming a 3-phase sensing boundary: 
the counter electrode being in contact with the electrolytic medium and free from contact with the 
sensing electrode; and 

a reference electrode in contact with the electrolytic medium and free f rom contact witn the sensing and 
counter electrodes. 

9. An electrode structure, comprising: 
a first electrode having a sensing portion having an outfacing surface having uneven configuration 
including a plurality of outwardly extending portions; and 

an electrolytic medium covering said outfacing surface with said outwardly extending portions extending 
outwardly beyond said electrolytic medium and not being covered thereby. 
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FIGURE 13 Applied Potential vs Reference 



90U9Jd;&y sa lojiudtoj poijddv 

£0 Z'O 10 0 0 10- 2 0- 




oz 



0 8 /_ 6 6 Z 0 



0299780 



6 




-0.2 -O.I 0.0 O.I 0.2 0.3 

FIGURE 15 A PP l,ed Potential vs Reference 



4 



C 

\ 

o 
a 



/ - 



-2 



200 



400 



600 



800 



FIGURE 16 



TIME (Sec) 




09/.6620 



0 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




© Publication number: 




0 299 780 A3 



EUROPEAN PATENT APPLICATION 



@ Application number: 88306481.8 
© Date of riling: 15.07.88 



© int. CIA G01N 27/46, G01N 27/30 



® Priority: 15.07.87 US 73712 


0 Applicant: SRI INTERNATIONAL 


© Date of publication of application: 


333 Ravenswood Avenue 


Menlo Park, California 94025(US) 


18.01.89 Bulletin 89/03 




@ Inventor: Otagawa Takaaki 


© Designated Contracting States: 


472 Lowell Place 


AT BE CH DE ES FR GB GR IT LI LU NL SE 


Fremont California 94536(US) 




Inventor: Madou Mark J. 


© Date of deferred publication of the search report: 


3680 Bryant Street 


31.07.91 Bulletin 91/31 


Palo Alto California 94305(US) 




© Representative: Blake, John Henry Francis et 
al 




BROOKES AND MARTIN High Holborn House 




52/54 High Holborn 




London WC1V 6SE(GB) 



© Surface type microelectronic gas and vapor sensor. 



CO 
< 



00 

PN 

an 



© TheTfresent invention is concerned with elec- 
trode structures and microsensors having fast re- 
sponse times and high sensitivity and to methods 
using such structures and/or microsensors. This is 
accomplished in any one of several ways. In one, 
the sensing and counter electrodes are positioned 
close enough together on an active area so that ion 
migration therebetween is fast. The thickness of the 
electrolytic medium on the active area is restricted 
to be no more than about 10 microns so that diffu- 
sion therethrough between the electrodes is at least 
as fast as the ion migration. In another, the sensing 
electrode may have outwardly extending portions 
extending beyond the electrolytic medium and not 
being covered thereby. Or, conductive particles can 
be distributed in the electrolytic medium. Or the 
medium can be very thin. Or, the electrodes can be 
interdigited. Combinations of the above structural 
features are also set forth. 
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.nvemion and relates to several inventions or groups of inventions. 

namety: 

1. claims: 1-5 

2/3 electrodes raicroser.sor structure method of de term in in a 
concentration. 

2 . ciaims: 9-11 

Electrode with uneven configuration, microsensor structure 
and method of determining concentration. 

3. ciaiir.s: 12,13 

Solid electrolyte with conductive microparticles and method 
of determining concentration. 
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